When setting stock levels for slow-moving items, a decision should be taken as to whether the item should be stocked at all. Formulae are developed for making this decision, and for determining the optimum stock if the item should be carried.
1. INTRODUCTION THE MAJORITY of stock holdings contain a significant proportion of items for which the demand is intermittent, although when a demand occurs it is often for several units of the product. It has been shown by Croston 1 that for this type of item separate estimates should be made of the frequency of occurrence of demands, and of the .distribution of size of demands which occur, rather than of the mean demand, in order to produce an adequate model for forecasting. It has also been shown that the standard methods of forecasting and stock replenishment can give inappropriate replenishment levels in many instances. The present paper presents a formula for optimizing such replenishment levels.
Although the optimization of the stock levels can produce significant cost savings, the total costs near the optimum are relatively insensitive to changes in the replenishment level. Further improvement of at least the same order of magnitude can be obtained by taking the decision not to stock certain items at all, but either to provide an acceptable substitute, for which there is a higher total demand, or to supply to order only. In this last case the costs of routine forecasting, control and replenishment are eliminated completely (see Ackoff2). Special efforts are made periodically in many firms to eliminate low-demand items from stock lists and inventories. The advantage of the method described is that this step can be placed on a routine basis, with specific cost criteria for the decision. Thus attention is drawn continuously to uneconomic slow-moving stock and the conditions under which the item should not be stocked are recognized at the same time as the replenishment levels are set.
SPECIFICATION OF SYSTEM
Consider an item in a stockholding which is replenished at fixed review intervals to maintain the stock at some level R. If the average interarrival interval between demands is p review intervals, there will be a probability 1/p that a demand occurs in a specific interval. Ifpis large the probability of two demands occurring m an interval can be neglected. Each demand will therefore give rise to a 5 Operational Research Quarterly Vol. 25 No. 1 replenishment on a routine basis at the end of the time interval in which it has occurred at an assumed cost Cr. If the stock available is insufficient to meet the whole demand, it is assumed that a special requisition has to be placed on a central store or wholesaler, from whom the stock is always available at zero lead time. No orders are lost, although the special requisition procedure involves an extra non-routine cost Cn. This figure could if necessary include a notional cost of customer dissatisfaction. The total cost for meeting a demand for which the existing stock level is insufficient would then be Cr+ Cn. The average cost per demand, Ca,, is the sum of the costs due to stockholding and those of the replenishment system, and is given by:
where R is the replenishment level, L the unit cost of the item, 100h is the percentage cost of stockholding per review interval, C 8 the standard cost per review interval of having the item in the system (specification, file storage, etc.)
andf(x) is the probability density that a demand occurring will be of size x.
The cost which should be used for C 8 is the marginal cost of adding one product to the system, and should account for all charges which could be avoided if the item were to be deleted.
If the item were not stocked, the special ordering procedure would have to take place for every demand, and the cost per order would then be (Cr+ C,,) . Introducing the bivalent variable b taking the value 1 if the item is stocked and 0 otherwise, the costs from (1) become:
(2)
The decision as to whether to stock, and the appropriate replenishment level can then be obtained by minimizing Ca with respect to band R. Substituting in (2) and assuming the item is stocked, i.e. b = 1, we obtain the stationary values of the total cost by differentiating with respect to R and equating to zero:
STOCK RULES FOR NORMAL DISTRIBUTION OF INTERMITTENT DEMANDS
0 0~a = Lhp-Cn~( 2~) a exp [-(R-f-L) 2 /2a 2 ],(3)
